Brief labeling of cells infected with simian virus 40 with tritiated uridine resulted in the incorporation of part of the label into material that was soluble in 1 M NaCI and sensitive to KOH, with a buoyant density close to that of DNA. The properties of this material suggest that it represents single-stranded nascent molecules of messenger RNA of simian virus 40 hydrogen-bonded over a small portion of their length to viral DNA templates.
The late phase of simian virus 40 (SV40) multiplication in permissive monkey cells is characterized by the replication of viral DNA, which depends both on the occurrence of a hostcell controlled event (1) and on the presence of functional early viral protein(s) (2) . Replication involves the formation of replicative intermediates (RI), which are the precursors to open circular progeny DNA molecules (component II), themselves rapidly sealed into superhelicoidal DNA component I (3) (4) (5) (6) . Once replication begins, transcription of the late viral genes is initiated, resulting in the synthesis of mRNA for the capsid proteins of the virus. This process appears to involve a transcriptional switch from one DNA strand to the other (7) (8) (9) .
If the initiation of viral DNA replication is prevented, synthesis of late SV40 mRNA does not take place either (10) (11) (12) (13) . One of the controls of late SV40 transcription, therefore, appears to lie in the autonomous replication of the viral genome. This implies that transcriptional templates for the synthesis of late mRNA probably appear as a consequence of replication: whether they be a special class of newly made DNA, or possibly the replicating DNA molecules themselves. We describe here the isolation and characterization of nascent viral mRNA DNA hybrid molecules that are found late in the lytic SV40 cycle and exhibit the properties expected of a viral transcriptional intermediate.
MATERIALS AND METHODS
Subcloned CV1 cells were grown as described (14) . Unless otherwise specified, 1.5 X 106 cells were seeded in 10-cm plastic petri dishes (Nunc, Denmark). The cells were infected 24 hr later with 0.4 ml of a stock of the large plaque type of SV40, at an input multiplicity of 20-50 plaque-forming units per cell. Labeling with uridine and treatment with cytosine arabinoside (ara-C) were done in 2-4 ml of Eagle's minimal medium containing 2% dialyzed calf serum. Extraction and processing of the labeled material was as described in the legend to Fig. 1 .
Tris-EDTA is 1 mM Tris HCl, pH 7.4-1 mM EDTA; Tris-NaCl-EDTA is the same buffer containing 0.2 M NaCl; 1 M NaCl buffer is 10 mM Tris HCl, pH 7.4-1 M NaCl-2 mM EDTA; standard saline citrate is 0.15 M NaCl-0.015 M sodium citrate; and buffer A is 50 mM Tris, pH 8-30 mM MgCl2-5 mM EDTA (15) .
RESULTS
Exponentially growing CV, cells, infected with SV40 and having reached the middle of the late phase of the virus growth cycle (14) , were pulse labeled with tritiated uridine. In order to prevent incorporation of label into DNA, advantage was taken of the fact that ara C, which arrests DNA synthesis, does not modify the rate of synthesis of SV40-specific RNAs. Most of the preexisting SV40 RI molecules are arrested by the ara-C treatment in the late RI stage (Manteuil and Girard, in preparation). The cells were treated with ara-C for 1 hr before labeling. At the end of the labeling period, cell extracts were prepared as described in Fig. 1 . The fraction soluble in 1 M NaCl (16) contained at least 70% of both cellular and viral RNAs, in agreement with Aloni's results (19) , together with viral DNA components I and II and RI molecules (3) (4) (5) (6) . The labeled material was analyzed by sucrose gradient centrifugation. It sedimented in a heterogeneous fashion (Fig. 1, panel  A) . The 20-35S material was further analyzed through Cs2SO4 density gradients (panel B). Two components were resolved, a major one (a) with the density of RNA (1.63 g/cmJ), and a minor one (b) with a density close to that of SV40 DNA (1.51 g/cm3). Components a and b were also clearly differentiated by their density in CsCl: 1.82 g/cms and greater, and 1.71-1.74 g/cm3, respectively (Fig. 1, panel F) .
After treatment with RNase-free DNase, the density of component b in Cs2SO4 shifted from 1.52 to 1.63 g/cmJ (panel D), while component a was not affected (panel C). A similar shift was obtained after either melting in 90% dimethyl sulfoxide (panel E) or heating to 1000 for 5 min. in 1.5 mM NaCI-0.15 mM Na citrate. Component b was not doublestranded RNA since: (1) the density of double-stranded RNA in Cs2SO4 was 1.58 g/cm8 (Fig. 1, arrow in We also checked that the hybrids were not due to artifactual association of viral DNA and RNA. For this purpose, labeled complementary RNA was pipetted onto a monolayer of infected cells, and the mixture was processed as in Fig. 1 . Of the added complementary RNA radioactivity, 70% was recovered with viral DNA in the 1 M NaCl-soluble fraction of the lysate, but, of this, less than 0.04% had the density of DNA.
To see whether the RNA recovered in the DNA-RNA hybrids was nascent SV40 mRNA, the time course of its labeling was determined 27 hr after infection. The rate of labeling of SV40 mRNAs was constant for at least 90 min at that time of the virus growth cycle (Manteuil and Girard, in preparation). The amount of label recovered in the DNA RNA hybrids rapidly reached a plateau ( Fig. 2; closed gradients in 0.1 M NaCl. Most of the RNA sedimented in an heterogeneous fashion between 6 and 16 S. with a broad peak at about 12 S (not shown). The nascent, DNA-bound RNA was therefore significantly smaller than mature SV40 mRNA (21) (22) (23) . Considering that 10% of this RNA is RNaseresistant, it ensues that the length of the segment hydrogenbonded in the hybrid must be on the order of 50 base pairs.
Characterization of the DNA portion of the hybrids was attempted indirectly, using the hydrogen-bonded RNA as a tag, after RNase digestion of the single-stranded segments. The presence of a small RNA fragment uniformly hydrogenbonded to a much larger double-stranded DNA molecule should not grossly affect the hydrodynamic properties or the density of the DNA. Accordingly, [3H]uridine-labeled hybrids were digested for 2 hr at 20°with 50 ,g/ml of pancreatic RNase and 5 units/ml of T1 RNase in Tris-NaCl-EDTA buffer. Ninety percent of the counts became acid-soluble after this treatment. The RNase-resistant material was analyzed by electrophoresis through 1.5% agarose gels (24) (Fig. 4 A) and by density centrifugation in CsCl-ethidium bromide (Fig. 4B) . The bulk of the counts (closed circles) behaved like SV40 RI, exhibiting a slow migration in agarose gels (2) , and a heterogeneous density profile, intermediate between (1) were infected with SV40 at the time of release from the second thymidine block. Synthesis of cellular and viral DNA was followed by successive 4-hr pulse-labelings with [3H]thymidine (20 MACi/ml; 20 Ci/mmol) followed by selective extraction of lowmolecular-weight DNA (16) . Radioactivity of SV40 DNA component I was determined through either electrophoresis in 1.5% agarose gels (24) the RNase-resistant counts were in KOH-sensitive material.
These results concur to suggest that the majority of the DNA in the SV40 DNA -RNA hybrids was in the form of RI.
DISCUSSION
The DNA -RNA hybrid molecules found in the 1 M NaClsoluble fraction from SV40-infected cells exhibited properties expected from a viral transcription complex, since: (1) they were absent from uninfected cells; (2) (27, 28) and for mitochondrial DNA (29) .
The fact that SV40 TI were not detected in infected cells before the beginning of viral DNA replication does not necessarily imply that they are only formed during the late phase of the viral cycle: they might have occurred, unnoticed, during the early, prereplicative phase. It has been shown (30, 31) that the overall rate of SV40 DNA transcription is increased approximately 40-fold in the late phase of the cycle. Therefore, in the early phase there may have been only 1/40th of the SV40 TI found later. Moreover, only the TI sedimenting at less than 35 S in 1 M NaCl sucrose gradient were examined, in order to avoid possible contamination with mitochondrial TI (29) . This resulted in the loss of 50-60% of the SV40 TI in the pellet (unpublished data), and may have rendered a small amount of early TI undetectable.
From the time viral DNA synthesis was initiated, however, the number of SV40 TI progressively increased in the infected cell, resulting in a continuous increase in the rate of SV40 DNA transcription, until, at about 14 hr after initiation of viral DNA synthesis, a maximum was reached in both the number of TI per infected cell and the rate of viral mRNA synthesis. The accumulation of TI progressed parallel to the increase in the rate of viral DNA synthesis, i.e., parallel to the increase in the number of replication complexes inside the cell (14) . This observation suggests that the templates for transcription of the late genes are the replicating viral DNA molecules themselves, or a special class of replicating molecules. This view is supported by the fact that the RNase-resistant core of the SV40 TI exhibited the same physicochemical properties as SV40 RI.
It is known that, in vitro, only the early strand of SV40 DNA can be transcribed when SV40 DNA component I is used as a template (32, 33) . Transcription of the late DNA strand requires at least one single-strand break in the DNA molecule (8) . Since, in vivo, single-strand breaks naturally occur during replication, this could explain why replication is required for the initiation of late mRNA synthesis, and why, after replication has begun, the time course of SV40 mRNA synthesis and of SV40 TI accumulation are parallel to that of replication. Thus, all the replicating molecules could be conceived to serve transiently as templates for the transcription of the late viral genes.
However, in cells infected with the tsASO thermosensitive mutant of SV40 (2) and shifted to nonpermissive temperatures, viral DNA replication stops but viral mRNA synthesis is unimpaired (34) . Both the rate of mRNA synthesis and the amount of SV40 TI remain at the level they have reached at the time when viral DNA synthesis is stopped, while the majority of the tsASO RI achieve their replication, and are converted into DNA component I molecules (Danglot, Manteuil and Girard, in preparation). This result shows that the transcription templates are not the same as the replication templates. However, our results clearly show a similarity between TI and RI. This apparent contradiction could be accounted for by a compartmentation in the pool of replicating molecules, a small percentage of all the newly formed SV40 RI being at all times withdrawn from the pool and frozen in the form of RI to serve as stable transcriptional templates for the synthesis of SV40 mRNA.
